The expression pattern described here is that of the chick BMP-1/Tolloid family of secreted metalloproteinases during early stages of development. BMP-1/Tolloid transcripts are expressed in the blastoderm, at gastrulation stages and as the neural plate forms and neural tube folds, BMP-1/Tolloid is found at the neural plate/ectodermal transition. Expression is maintained in the premigratory neural crest, and transiently in the migrating cephalic neural crest cells. BMP-1/Tolloid is also expressed in the caudal, but not in the anterior notochord, and in the ventral neural tube at the time of dorso-ventral patterning. Further sites of BMP-1/Tolloid expression are the lateral plate mesoderm and the dermotome and the myotome of the somites. q
Results and discussion
Bone morphogenetic protein-1 (BMP-1) was initially identi®ed as a component of a bone extract which can induce ectopic cartilage and bone formation in rodents (Wozney et al., 1988) . BMP-1 belongs to a conserved family of secreted metalloproteinases closely related to the Drosophila gene Tolloid that share a characteristic structure; an NH 2 -terminal activation region, an astaicin-protease like domain, followed by CUB protein-protein interaction domains and EGF-like motifs (Fukagawa et al., 1994; Takahara et al., 1994) . In both mammals and Xenopus, the gene encoding BMP-1 gives rise to at least three alternatively spliced variants (Mae Âno et al., 1993; Takahara et al., 1994; Lin et al., 1997; Goodman et al., 1998; Janitz et al., 1998) , each encoding different proteins that share an identical metalloprotease domain but vary in the number of EGF-like and CUB domains, and in the presence or absence of a histidine rich domain. Closely related genes have also been isolated in mammals (mammalian Tolloid-like, Takahara et al., 1996 ; mammalian Tolloid-like 2, Scott et al., 1999) , in Xenopus (Xolloid, Goodman et al., 1998) and in the chick (Colloid-like, Liaubet et al., 1998) . It has recently been reported that the metalloprotease Tolloid in¯ies, frog (Xolloid) and zebra®sh functions by a double inhibition mechanism to establish the graded activity of the signalling molecules DPP/BMPs (Blader et al., 1997; Marque Âs et al., 1997; Piccolo et al., 1997; Connors et al., 1999) . Despite this crucial role in signalling to establish the dorso-ventral pattern (see also Suzuki et al., 1996) , nothing is known about the BMP-1 gene family in chick embryos. Here I present a detailed analysis of the expression pattern of the chick BMP-1/Tolloid transcripts in presomitic and early somitic embryos, with special emphasis on the expression during dorso-ventral patterning of the neural tube and somites. Taka- hara et al., 1994 , for a detailed analysis of the spliced forms of the mammalian BMP-1 gene). The probe generated for the chick BMP-1/Tolloid gene recognizes the three splice variants, and would give a pattern of expression that is a summation of the three messengers.
In situ hybridization analysis shows that chick BMP-1/ Tolloid is ®rst detected in the mesoderm at primitive streak stages ( Fig. 2A,F) , however it is not expressed in the primitive streak itself, nor in the forming head fold (Fig. 2E,F) . Due to its role in cleaving Chordin/BMP complexes, releasing active BMP, this early expression of BMP-1/Tolloid in the chick blastoderm is consistent with the role of BMP signalling in the establishment and maintenance of the border between the neural and the adjacent non-neural ectoderm (Streit and Stern, 1999a , see also Streit and Stern, 1999b for review).
At Stages 7±8 expression is also detected in the ectoderm anking the neural plate (Fig. 2G ). The restriction of BMP-1/Tolloid transcripts to the boundary between neural and non-neural ectoderm is sharper and clearer at late Stage 8 (see arrows in Fig. 2H ). Once the neural plate is formed, BMP-1/Tolloid expression condenses to a line of cells at the dorsal neural fold, along the entire length of the closing neural tube. This expression probably corresponds to premigratory neural crest cells (Fig. 2J ). Subsequently, expression of BMP-1/Tolloid is transiently maintained in migrating cephalic neural crest, as described in the zebra®sh embryo (Blader et al., 1997) , but not in the trunk neural crest (Fig.  3A,F) . Expression in the dorsal most neural tube (roof plate) is maintained at least until Stage 17 (Fig. 3G,J,K) . In ventral aspects of the neural tube, BMP-1/Tolloid is not expressed anteriorly (Fig 3B,C) , however caudally it is expressed in the¯oor plate and the ventro-lateral adjacent cells. Furthermore, BMP-1/Tolloid is expressed in the caudal notochord (Fig. 3D,E) . These results show that BMP-1/Tolloid is strongly expressed in tissues involved in dorso-ventral patterning of the neural tube, in accordance with evidence that Chordin (Dale et al., 1999) , Noggin (McMahon et al., 1998) and BMPs are among the signals responsible for patterning the neural tube (see also Bronner-Fraser and Fraser, 1997, for review).
Additional to the axial mesoderm (caudal notochord), BMP-1/Tolloid is also expressed in the lateral plate mesoderm, from early somitic stages to, at least, Stage 11 ( Fig. 2J and Fig. 3A,F) . Expression in the paraxial mesoderm initiates at stages of somite differentiation; transcripts are not found in the segmental plate or in the epithelialized somites (Fig. 3D,E,K) , but appear in the dermotome and are highly expressed in the myotome (Fig. 3G,J) . Expression of BMP-1/Tolloid in the differentiated somites is antero±posterioly restricted; transcripts are more abundant in the intermediate part of the somite (Fig. 3G) . Interestingly, both BMPs and Noggin have also been implicated in somite patterning (Reshef et al., 1998) . Further sites of early BMP-1/Tolloid expression include the optic stalk, the ectoderm surrounding the eye-lens, and the head mesenchyme surrounding the dorsal eyecup (Fig. 3H,I ).
In summary in the chick, BMP-1/Tolloid is initially expressed at gastrulation stages, as reported in the Xenopus (Goodman et al., 1998) , the zebra®sh (Blader et al., 1997) and the mouse embryos (Scott et al., 1999) . Later, during dorso ventral patterning of the neural tube, BMP-1/Tolloid is expressed dorsally in neural crest, as in the zebra®sh embryo (Blader et al., 1997) and ventrally in the caudal notochord and¯oor plate. Furthermore BMP-1/Tolloid is also expressed during patterning of the somites.
Experimental procedures

Chick embryos
White-Leghorn eggs were incubated at 38.58C in an atmosphere of 70% humidity. Embryos were staged according to Hamburger and Hamilton (1951) .
Isolation of chick BMP-1/Tolloid cDNA fragment
A chick BMP-1/Tolloid probe was generated by PCR ampli®cation using speci®c primers based on the nucleotide sequence data of chick BMP-1 (GenBank accession number U75331). Upstream primer corresponded to nucleotides 620±641; reverse primer was complementary to nucleotides 1349±1368. The PCR-ampli®ed fragment derived from an embryonic day 2 chick cDNA library contained a major part of the astaicin-protease domain, the CUB1 domain and part of the CUB2 domain. This probe would therefore hybridized to all the putative BMP-1 splice variants, as described for Xenopus and mammals (Mae Âno et al., 1993; Takahara et al., 1994; Lin et al., 1997; Goodman et al., 1998; Janitz et al., 1998) .
RNA isolation and Northern blotting
Chick tissues were collected from embryonic stages 11 and 17 (head and body separately). Under RNase free condi- tions, tissues were placed immediately on dry ice and stored at 2708C. Poly(A) 1 was isolated by using the QuickPrep Micro mRNA Puri®cation Kit (Amersham Pharmacia) according to the manufacturer instructions. RNA was separated by agarose gel electrophoresis; RNA loading and integrity were veri®ed by ethidium bromide staining before transfer to a Nytran membrane. The ®lter was hybridized for 16 h at 428C in 50% formamide containing 1% SDS, 1% dextran sulphate, 0.5% NaCl, and Salmon Sperm DNA, in a rotating oven. Filters were washed twice at 428C with 2£ SSC containing 1% SDS, twice at room temperature with 0.2£ SSC containing 1% SDS, and exposed at 2708C.
Whole-mount in situ hybridization
Whole-mount in situ hybridization was performed according to Wilkinson (1992) . The BMP-1/Tolloid cDNA fragment was transcribed with T3 and with T7 RNA polymerases to generate digoxigenin-labelled antisense and sense RNA probes, respectively, as described by the manufacturer (Boehringer Manheim). The location of the hybridized probes was revealed by alkaline phosphatase-coupled anti-digoxigenin Fab fragments (Boehringer Mannheim). Whole-mount hybridized embryos were sectioned on a Vibratome (50 mm), sections were mounted, coverslipped Fig. 2 . Expression of pattern of BMP-1/Tolloid gene family. Whole-mount in situ hybridization using a DIG-labelled probe was performed on presomitic and early somitic embryos. Stages according to Hamburger and Hamilton (1951) BMP-1/Tolloid is expressed in the dermotome and highly expressed in the myotome. (K) Section at the level of the caudal neural tube shows expression in the notochord and¯oor plate, and in the non-neural ectoderm. Note that newly formed somites do not express BMP-1/Tolloid. Abbreviations to all ®gures: dm, dermotome; fp,¯oor plate; hf, head fold; hn, Hensen's node; le, eye-lens; lpm, lateral plate mesoderm; myo, myotome; not, notochord; nc, neural crest; np, neural plate; nt, neural tube; ops, optic stalk; pnc, premigratory neural crest; ps, primitive streak; rp, roof plate; som, somite. and photographed. Expression pattern showed a combination of the different spliced variants.
